An 88-year-old woman with a prior history of aortic stenosis and history of valvuloplasty presented with worsening symptoms of heart failure and dizziness. She underwent successful transcatheter aortic valve replacement (TAVR) without complications. Follow-up echocardiograms revealed a small fistula connecting aorta to the right ventricle. The patient was initially asymptomatic but 3 months later developed overload of the right ventricle and heart failure and chose to continue medical therapy. She died of progressive heart failure at 9 months from onset of fistula. Aorto-right ventricular fistula is a rare complication of TAVR with only four cases reported in literature thus far.
INTRODUCTION
T ranscatheter aortic valve replacement (TAVR) is a safe and effective procedure for severe aortic stenosis in patients who are at a high risk for surgical aortic valve replacement. Common complications related to TAVR reported in literature includes moderate-to-severe aortic insufficiency, paravalvular leak, left ventricular perforation, aortic root rupture, coronary artery impingement, valve embolization, complete heart block, ventricular fibrillation/ ventricular tachycardia, renal failure, and stroke. [1] The development of an aorto-right ventricular (RV) fistula is an extremely rare complication.
CASE PRESENTATION
An 88-year-old woman, with a medical history significant for coronary artery disease, hypertension, hyperlipidemia, and known severe aortic stenosis, presented to the Structural Heart Clinic with worsening fatigue and dizziness without syncope. She had exertional dyspnea with the New York Heart Association (NYHA) Class III-IV congestive heart failure symptoms and no angina. Transthoracic echocardiogram (TTE) showed severe aortic stenosis with mean gradient of 62 mmHg and an ejection fraction (EF) of 20%. Cardiac catheterization revealed patent coronary angiogram and an aortic valve area of 0.27 cm 2 .
She was deemed to be high risk for open heart surgery (Society of Thoracic Surgeons score 26.782%). Due to the lifestyle-limiting symptoms and severe aortic stenosis, a balloon aortic valvuloplasty was initially performed with significant improvement in symptoms (NYHA II).
Computed tomography and angiography showed mildly
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Six months later, due to the recurrence of symptoms, she underwent successful TAVR with 26 mm SAPIEN XT bioprosthetic valve (Edwards Lifesciences, Irvine, CA, USA) using standard technique without postdeployment dilation. Proper anatomic position, trivial paravalvular leak, and normal valve function were confirmed with transesophageal echocardiogram and completion aortogram. The patient required immediate surgical repair of the utilized iliac artery. Immediately postprocedure, the patient remained largely asymptomatic with stable cardiac function (EF 55%-60%) on echocardiogram.
The patient had an uneventful recovery and was discharged to home on the 3 rd postoperative day. TTE at A decision was made to closely monitor the fistula and intervene if patient were to develop symptoms.
She was hospitalized 3 months later with worsening of heart failure symptoms. Electrocardiogram and troponins were normal. Repeat echocardiogram showed enlargement of the fistula with a velocity of >4 m/s, a Qp:Qs of 2:1, an EF reduction from 55%-60% to 30%-35%, and moderate dilation of RV. In view of the extreme risks to undergo repeat cardiac surgical procedure, including percutaneous and open closure options, the patient decided to continue with medical management for heart failure. After another admission with similar symptoms few months later, she was discharged to a skilled nursing facility with hospice care and died due to progressive heart failure. Total duration between onset of fistula and death was 9 months.
DISCUSSION
Ruptured sinus of Valsalva aneurysm (congenital or traumatic), endocarditis, and complications related to cardiothoracic surgical procedures such as repair of ventricular septal defect, Ross procedure, or modified Ravitch procedure for pectus excavatum have been associated with aorto-ventricular fistula. [2] [3] [4] [5] [6] There are also reports of this complication with surgical aortic valve replacement. The most commonly reported cases of aorto-RV fistulas are secondary to rupture of congenital aneurysm of one of the sinuses of Valsalva.
Our literature search revealed only four reported cases of aorto-RV fistulas after TAVR, of which two patients became symptomatic due to fistula within months after the procedure. [7] [8] [9] [10] The severity of the shunt determines the symptomatology. Small shunts are usually asymptomatic and can be managed conservatively. The symptoms are similar to the right heart failure due to pressure and volume overload of RV. Most patients complain of dyspnea on exertion, pedal edema, ascites, and fatigue.
The exact mechanism of fistula formation is unknown but thought to be related to trauma from displacement of heavily calcified tissue, usage of larger prosthesis, and depth of prosthesis implantation. [7] In our patient, displacement of the heavily calcified aortic valve might be the etiology for the fistula even though the valve was appropriately sized. An additional report details fistula formation after repeat dilation of a 29 mm Medtronic CoreValve to address significant paravalvular regurgitation. [9] It is recommended to treat symptomatic sinus of Valsalva to RV fistulas, particularly in young patients, due to the high risk of worsening heart failure secondary to RV overload owing to high-pressure difference between aorta and RV. Asymptomatic patients with high surgical risk can be monitored with close follow-up and serial TTE looking for RV dimensions and right side pressures.
Surgical repair is the treatment of choice; however, transcatheter closures have also been reported in the literature. [2, 9, 11] In patients with worsening symptoms and who are high-risk surgical candidates, percutaneous closure of the defect can be considered. Among the four reported cases, only one patient was successfully treated with percutaneous closure with coil (IMWC-5-PDA5 coil MReye Flipper Detachable Embolization Coil Delivery System, Cook, Inc., Bloomington, Indiana). A summary of all five cases, including ours, is provided in the 
CONCLUSION
Post TAVR aorto-right ventricular fistula is a rare complication of TAVR. We need to suspect this Conservative management up to 6 months and later comfort measures with death at 9 months from fistula formation Cases 1, 2, 3, and 4 correspond to references 7, 8, 9, and 10 and the 5 th case represents the details of our case. VSD: Ventricular septal defect complication. The successful management of rare complications associated with innovative procedures, such as transcatheter valve replacement, is often driven by patient symptoms and the limited experiences from previously reported cases. Symptoms and severity of the flow determine the treatment options.
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